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(54) PERMANENT MAGNET MOTOR 

(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a permanent magnet motor for reducing the 
loss and heat due to eddy current. 

SOLUTION: A plurality of holes 12 are formed in a rotor member 10, and permanent 
magnets 14 separated in a circumferential direction are provided in the hole 12. Then, 
one permanent magnet 14 is made small, and a current path of eddy current is made 
narrow, so that the eddy current becomes small. Here, even as a total of permanent 
magnets 14, the eddy current becomes small in absolute term, and the eddy-current loss 
is reduced, resulting in less heat in a motor. In this case, the separated permanent 
magnets 14 may be joined partly, and several ferrite permanent magnets 14 may be used, 
or other permanent magnets may be made of rare-earth magnetic materials. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the permanent magnet motor characterized by dividing the permanent magnet in the aforementioned hole into two 
or more permanent magnets in a circumferencial direction in the permanent magnet motor which established two or more holes 
in Rota, and has arranged the permanent magnet in this hole. 

[Claim 2] It is the permanent magnet motor characterized by dividing the permanent magnet in the aforementioned hole into at 
least three in the permanent magnet motor according to claim 1 , and arranging the permanent magnet of the center section in a 
hole from the permanent magnet of both sides on the radial outside. 

[Claim 3] The permanent magnet motor characterized by constituting at least one of two or more permanent magnets in the 
aforementioned hole from a magnet of a ferrite, and forming others with the magnet of rare earth in a permanent magnet motor 
according to claim 1 . 

[Claim 4] The permanent magnet motor characterized by using as the magnet of a ferrite what sees from the hand of cut of Rota 
among two or more permanent magnets in the aforementioned hole, and is in the head in a hole in a permanent magnet motor 
according to claim 3. 

[Claim 5] For those which adjoin [ in / a circumferencial direction or shaft orientations / at least / on the permanent magnet 
motor which established two or more holes in Rota, and has arranged the permanent magnet in this hole, and ] by the part by the 
slit, the permanent magnet in the aforementioned hole is a permanent magnet motor by which it is characterized by being divided 
into two or more permanent magnets as it is connected. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Two or more holes are established in Rota, and it is related with the permanent 

magnet motor which has arranged the permanent magnet in this hole. 

[0002] 

[Description of the Prior Art] By the permanent magnet motor, in Rota, insertion arrangement of two or more permanent magnets 
is carried out, and the pole is formed from the former. And the rotation drive of Rota is carried out by energizing in the coil by 
the side of the stator arranged so that Rota may be surrounded, and forming the rotating magnetic field. With a permanent 
magnet, since the magnetic field for every predetermined pole is formed, it is small and high power is obtained. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in connection with a miniaturization, improvement in the speed, and the 
high increase in power of a motor, the problem of the loss by the eddy current in a magnet and generation of heat is large. That 
is, generation of heat is connected with a magnetic demagnetization etc., and also becomes the cause of failure of a motor. 
Moreover, the loss by the eddy current serves as the degradation of a motor. 

[0004] this invention is made in view of the above-mentioned technical probrem, and aims at offering the permanent magnet 

motor which can decrease in number the loss and generation of heat by the eddy current. 

[0005] 

[Means for Solving the Problem] this invention establishes two or more holes in Rota, and it is characterized by dividing the 
permanent magnet in the aforementioned hole into two or more permanent magnets in a circumferencial direction in the 
permanent magnet motor which has arranged the permanent magnet in this hole. 

[0006] Thus, two or more permanent magnets are divided and arranged in one hole at the circumferencial direction. By dividing, 
since an eddy current flows along with the periphery section of each magnet, total of the length of the periphery of all magnets 
becomes long, and an eddy current path becomes long. By this, an eddy current becomes small and an eddy current becomes 
small absolutely also as total of two or more permanent magnets. Then, an eddy current loss can be reduced and generation of 
heat of a motor can be reduced. 

[0007] Moreover, it is suitable that the permanent magnet in the aforementioned hole is divided into at least three, and the 
permanent magnet of the center section in a hole is arranged from the permanent magnet of both sides on the radial outside. 
[0008] Thus, a permanent magnet will become circular by shifting a permanent magnet closely. By using a cheap monotonous 
type permanent magnet, and shifting and using this by this, a torque ripple is reduced enough and a motor can be done in a cheap 
thing. 

[0009] Moreover, it is suitable to constitute at least one of two or more permanent magnets in the aforementioned hole from a 
magnet of a ferrite, and to form others with the magnet of rare earth. Since electric resistance of a ferrite is large, the eddy 
current generated there is made as for it to about 0. On the other hand, although the magnet of a ferrite has weak magnetism, it 
can lessen a fall of the magnetism as total by using only a part of permanent magnet as the magnet of a ferrite, and using others 
as the magnet of rare earth. 

[0010] Moreover, it is suitable to use as the magnet of a ferrite what sees from the hand of cut of Rota among two or more 
permanent magnets in the aforementioned hole, and is in the head in a hole. In order to advance into the magnetic field generated 
by the stator first, a big eddy current tends to generate a top permanent magnet here. The magnet of a ferrite can be arranged to 
this site and the decrement effect of an eddy current can be enlarged by setting to 0 the eddy current generated here. 
[001 1] Moreover, in the permanent magnet motor which this invention established two or more holes in Rota, and has arranged 
the permanent magnet in this hole, the permanent magnet in the aforementioned hole is characterized by being divided into two 
or more permanent magnets in a circumferencial direction or shaft orientations, at least, as those which adjoin by the part by the 
slit are connected. 

[0012] Thus, although a permanent magnet is divided substantially and an eddy current can be reduced with constituting, it can 
be dealt with like the permanent magnet of one. Therefore, assembly etc. can be worked efficiently and a productivity can be 
improved. 
[0013] 

[Embodiments of the Invention] Hereafter, the gestalt (henceforth the operation gestalt) of operation of this invention is 
explained based on a drawing. 
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[0014] "1st operation gestalt" view 1 is explanatory drawing showing the structure of the permanent magnet motor concerning 
the 1st operation gestalt of this invention. In this drawing, one fourth of Rota and stators is shown. Two holes 12 are formed in 
the piece 10 of Rota which hits one fourth of Rota. And three permanent magnets 14 adjoin a circumferencial direction, and are 
inserted in these two holes 12, respectively. 

[0015] Here, these three permanent magnets 14 are separated electrically. Since it is usually constituted by iron, a permanent 
magnet 14 will be electrically connected, if it is made to contact directly. Then, this operation gestalt has separated electrically 
by arranging these three permanent magnets 14 through an insulating material. For example, synthetic resin, such as the 
insulating paper, an insulating tape, and an epoxy resin, is made to intervene. Moreover, not only the insulation with adjoining 
Hisaki Ei fat but a rustproof effect can also be acquired by covering the whole periphery of a permanent magnet 14 by the epoxy 
resin etc. 

[0016] On the other hand, the piece 20 of a stator which hits one fourth of stators is arranged through the minute clearance (gap) 
22 around the piece 10 of Rota. Three holes 24 are established in the piece 20 of a stator. Insertion arrangement of the stator coil 
(not shown) is carried out in this hole 24. 

[0017] This piece 10 of Rota is connected to 4 circumferencial directions, and Rota is formed. A rotation shaft is arranged in the 
core in this Rota, and it is fixed to Rota. Moreover, the piece 20 of a stator is connected to 4 circumferencial directions, and a 
stator is formed, 

[0018] And the rotating magnetic field are occurred by controlling the energization to a stator coil here. Since the permanent 
magnet 14 is arranged, rotation torque will occur in Rota by the rotating magnetic field, and Rota will rotate Rota. 
[0019] Here, in order to pierce through a permanent magnet 14, in a permanent magnet 14, an eddy current generates the 
magnetic flux generated by the stator coil. When the number of the permanent magnets 14 inserted in one hole 12 is one, as 
shown in drawing 2 (a), the large eddy current of the path which makes the whole big permanent magnet 14 a current path 
occurs. 

[0020] However, with this operation gestalt, two or more permanent magnets 14 are arranged in one hole 12 at the 
circumferencial direction. Therefore, as shown in drawing 2 (b), by dividing, since an eddy current flows along with the 
periphery section of each magnet, total of the length of the periphery of all magnets becomes long, and an eddy current path 
becomes long. By this, an eddy current becomes small and an eddy current becomes small absolutely also as total of three 
permanent magnets 14. Then, an eddy current loss can be reduced and generation of heat of a motor can be reduced. 
[0021] The number of partitions of a permanent magnet 14 and the relation of an eddy current loss in 1 hole are shown in 
drawing 3 . Thus, a split of a permanent magnet 14 shows that an eddy current loss can be reduced. It is understood that a 
remarkable loss reduction can also attain a rate several minutes especially. 

[0022] "2nd operation gestalt" view 4 is drawing showing the configuration of the 2nd operation gestalt, in the hole 12, moves 
the central permanent magnet 14 at a radial outside, i.e., stator, side, and is arranged. The torque ripple of a motor can be 
decreased by such arrangement. It is desirable that the field center of gravity of each permanent magnet 14 divided especially is 
arranged on one periphery. 

[0023] Using conventionally the permanent magnet in alignment with the periphery of Rota which curved circularly is known, 
and a torque ripple can be decreased by this configuration. However, since a manufacture is difficult for such a curved permanent 
magnet and it is deficient in it to versatility, it will become expensive. By using the cheap monotonous type permanent magnet 
14, and shifting and using this like this operation gestalt, a torque ripple is reduced enough and a motor can be done in a cheap 
thing. 

[0024] The torque according to the Rota position is shown in drawing 5 , Here, the thing using the monotonous permanent 
magnet of one sheet is shown as an example of a comparison. Thus, the permanent magnet was able to be trichotomized and the 
torque ripple was able to be decreased to 25% -> 13% by shifting a central permanent magnet outside. In addition, this example 
is an example to which the field center of gravity of three permanent magnets was made to be located on the periphery. 
[0025] In addition, since the permanent magnet 14 in a hole 12 is divided also in this example, it cannot be overemphasized that 
a loss of the above eddy currents can be reduced. 

[0026] "3rd operation gestalt" view 6 is drawing showing the configuration of the 3rd operation gestalt, and in this example, the 
piece 10 of Rota rotates to a half-clockwise rotation, as the arrow head in drawing showed. And the character of the divided 
permanent magnets 14a, 14b, and 14c which are inserted in the hole 12 of this piece 10 of Rota is not the same. That is, 
permanent magnet 14a is the magnet of a ferrite, and permanent magnets 14b and 14c consist of a magnet of rare earth. 
[0027] The magnet of a ferrite is 105 to 106 times the electric resistance of this to the magnet of rare earth. Therefore, to the 
magnet of a ferrite, an eddy current is hardly generated. Then, most eddy currents in permanent magnet 14a are 0. 
[0028] On the other hand, the magnetism of the magnet of a ferrite is quite weak compared with the magnet of rare earth. Then, 
if the piece 10 of Rota is formed only using the magnet of a ferrite, the turning effort will become very weak. However, with this 
operation gestalt, permanent magnet 14 1 of three permanent magnets 14a- 14c inserted in a hole 12 is used as the magnet of a 
ferrite, and the magnet of rare earth is used for other two permanent magnets 14b and 14c. Then, while the eddy current of one 
permanent magnet 14a is made to about 0, a degradation of the magnetism as the permanent magnets 14a- 14c inserted in one 
hole 12 being total can be stored in a predetermined domain. 

[0029] Especially permanent magnet 14a that sees from the hand of cut of the piece 10 of Rota, and is located in a head in a hole 
12 is a magnet which advances into the magnetic field by the coil of a stator first, and when two or more same permanent 
magnets have been arranged, the eddy current generated in this permanent magnet 14a becomes the largest. Then, an eddy 
current can be efficiently decreased by using this permanent magnet 14a as the magnet of a ferrite. 
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[0030] In addition, if the magnet of a ferrite is adopted as a part of permanent magnet 14, it will not necessarily be limited by one 
in a hole 12. Moreover, the magnet of a ferrite does not surely need to exist in one hole 12. 

[0031] Thus, with this operation gestalt, since it not only divides a permanent magnet, but an eddy current adopts the magnet of a 
ferrite as permanent magnet 14a which becomes large, the eddy current generated as total can be decreased more efficiently. 
Moreover, it can prevent that the magnetism as a permanent magnet 14 being total decreases greatly by adopting the magnet of 
rare earth as other permanent magnets 14b and 14c. 

[0032] The configuration of the 4th operation gestalt is shown in the "4th operation gestalt" views 7 , 8, and 9. In this example, 
although a permanent magnet 14 is divided into two or more permanent magnets, the part is taken as the status were open for free 
passage. Therefore, although the permanent magnet is divided substantially, in inclusion work into a hole 12 etc., it can be dealt 
with as one magnet and can improve a productivity. Moreover, the effect of an eddy current reduction is maintainable to 
sufficient thing by making a fraction open for free passage sufficiently small within limits which can maintain an intensity. 
[0033] That is, with the configuration of drawing 7 , although the permanent magnet 14 is divided into four permanent magnets 
14a, 14b, 14c, and 14d, it is divided by turning and forming the lengthwise slit 140 in a rear-face side from a front-face side, and 
the rear- face side is open for free passage. In addition, it is desirable to arrange in a hole 12 so that a front-face side may turn to a 
stator. 

[0034] Moreover, with the configuration of drawing 8 , the lateral slit 140 is also formed in a permanent magnet 14, and the 
permanent magnet is divided in the orientation of four directions. By this, each divided permanent magnet becomes smaller, and 
the eddy current to generate can be reduced more. 

[0035] Moreover, with the configuration of drawing 9 , the slit 140 formed towards the inside from the upper limit and the soffit 
is dividing the permanent magnet 14 into two or more permanent magnets 14a-14d. Each permanent magnets 14a-14d are open 
for free passage with this to the permanent magnets 14a-14d which adjoin near the center section of the side face. 
[0036] Furthermore, the configuration of the fraction made to open for free passage can be made not only into this but into 
arbitrary configurations, for example, the cylindrical free passage section may be formed, and adjoining things may be 
connected. Moreover, this free passage section can be formed in arbitrary fractions. 

[0037] Furthermore, although forming in one is desirable as for a permanent magnet 14, it is also possible to form as another 
field, to stick this on the free passage sections, such as a plate, and to connect. In this case, the free passage section can also 
consist of an insulating material. In addition, if this insulating material is used as a spacer, it will become the same configuration 
as the 1 st operation gestalt. 

[0038] What is necessary is to divide a surface magnet and just to stick, if it is in the case of the motor using the surface magnet, 
although the fragmentation rate of the permanent magnet 14 was carried out and it was inserted in the hole 12 with "other 
configurations" and the above-mentioned operation gestalt. 
[0039] 

[Effect of the Invention] As explained above, according to this invention, the permanent magnet was divided in the hole. For this 
reason, an eddy current can be reduced and an eddy current loss can be reduced. Moreover, a productivity can be improved by 
connecting the divided permanent magnets by the part. Furthermore, by using some of divided permanent magnets as the magnet 
of a ferrite, and using others as the magnet of rare earth, a fall of magnetism is lessened and occurrence of an eddy current can be 
reduced effectively. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the important section configuration of the motor of the 1st operation gestalt. 
[Drawing 2] It is drawing showing the current path of an eddy current. 

[Drawing 31 It is drawing showing the number of partitions of a permanent magnet, and the relation of an eddy current loss. 

[Drawing 4] It is drawing showing arrangement of the permanent magnet of the 2nd operation gestalt. 

[Drawing 51 It is drawing showing arrangement of a permanent magnet, and the relation of a torque ripple. 

[Drawing 61 It is drawing showing the configuration of the 3rd operation gestalt. 

[Drawing 71 It is drawing showing the configuration of an example of the 4th operation gestalt. 

[Drawing 81 It is drawing showing the configuration of other examples of the 4th operation gestalt. 

[Drawing 91 It is drawing showing the configuration of other examples of the 4th operation gestalt. 

[Description of Notations] 

10 The piece of Rota, 12, 24 A hole, 14 A permanent magnet, 20 The piece of a stator, 22 minute clearance, 140 Slit. 
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■5*>«l-oc07j<A® ; H14a<7)^.^7i5'f 

L, ffi<7)2o«*M ; BHb. 14cl±, #±a«ffi 

5£SfflUO^* -e-T", l^>c07}<Am514aco?ft 

mS^ISIf 0 tt"S 4 b b i> lz . 1 OCD/t 1 2 tff AS 

ft&TkAffiS 1 4 a- 1 4 c C0h-^k LXCOmtlcT) 

50 [ 0 0 2 9 ] o-^Jt 1 0 co0(k^A^I.T^ 
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(4) 

5 

A«514a^7x5-f h coS^Brt J: -?T. 

[0030] &;fc\ 715^ hcomfite, ikAmU 1 4 
<a-»fcSJBS*i*tfi\ &~?Lh7\l 2 ftlz 1 •ofcRJg 
$ti^rV\ &5t, locoftl 2[*ite&-f 7x5^ hcom 

[003 1] £ ^ £ s #^»#S-Ci±. &A*H£r 
iMWt . jOTSa^S <***A«F5 1 4 

t fflSSK* J: 9 4 . i , flfco 

*A«514b. 14ct*±3B«apErtiRffl-t*ii: 
T\ *4J&5 1 4 W l/CtfHJfcfj***;* < 

-I t *®]tt$ Z t « . 
[0 0 32] rf4SifIjl7, 8> 9fc, ^41 

4. ftot, *A«ffi{4SI»Wfc:^MW$a-CV^As, ft 

LTffi 9 R "5 .1 1 , l&Ltf 6 - i: ^TS 

< -ti z tx\ mmmm<o%}m+ft%i> 

[0033] ir^hh. 07<O^f«, ifcXB£5 1 4 
A*4o<0jJcAfl£E14a, 14 b. 14 c. 14dtC#- 
fJ£trO^^\ «MM*^«^I*J^ U -y M 4 OSr 

[ 0 0 3 4 ] 4 fc, 08<S9flWrcHt, 1 4 (cffi 

l*Jfc#«IL/OV&. ZMzk-oT. 4HM3*ifclol-3 

[0035]4)t, H90fiMETii. itt&tTFiS;*^ 
l*ifflIfcI*IttT»J*L,fcxU -/ M 4 Otc J: U*A8fcGl 
4 £1S&<0*;JU&5 1 4 a~ 1 4 dtM'JLTV^ . ^ 40 
#*A»51 4 a-14 d{t. ^cOffiffliO 



WM2 0 0 0-2 288 38 
6 

[0036] s^fc s asis-a:s*4h^)aft6ii. d*tf= 
m^-rimmmti- hzt , w as&ojSi 

[ 0 0 3 7 ] 3 *A«e 1 4 l4-flsttte»jfctS 

(mmm^zmmirxwm-hzb^mx'h^. z<n 
m&mz. mktt~mM-fzzii>T-'%&* * 

[0038] r ^amcnmm \ * it . mmmwx* 

[0039] 

fc*AfflFB H±£-«l! , CaSS L"Ci3< ZtX\ ^ttS: 

[Hi] mi mmmco^^commmm^i-mx 

[02] mw&^vmM^-tmx'foh , 

[ a 3 ] ^Aiiso^fflic t , mm&m?k<r)m% * * 

[ @4 ] $ 2 »^®<7)*A^^ffig?r StSTPft 

4, 

[H 5 ] *AWH<0ffiBt u rn^jgMfi t*^- 

[06] m3Mfi»®offijS;&^f0t'$)l>. 

[07] ^4 niifi^i<7)-«o«j5ic^*-r0-cj> i . 

[08 ] H4 Httm^ft!!^i^«)|g;^^'t0T"$> 

[09] H4 sai^tt<!offi<owo««s:^-rBrcft 
*. 

10 o-^, 12, 2 4 ft. 14 j§<A^Eu 2 
0 Xf- 2 28fcNaHL 14 0 Xij^h, 
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[01 ] 



(5) 
[02] 



^fiB2 0 0 0-2 2 88 3 8 
[H4] 
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(6) 



^Fffl2 0 0 0-2 2 88 3 8 



[09] 




14d 



{72)wm Mk mm 

(72) HIS *S 



SBllRfiffliJfhH^Wri**!! h3*B! 

F^-A(##) 5H622 M03 CA02 CA05 CA14 CB02 
CB03 CB05 DD01 DD02 PP03 
PP10 PP11 QB02 
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